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A

Foreword

This British Standard has been prepared by
Technical Committee PVE/1. Itis a new edition of
the 1991 version and incorporates all technical
changes up to and including Amendment No. 4
{September 1993} associated with that version.

Despite the various amendments that have been
made to this standard since it was first published
in 1976, some of the requirements can still be
traced back to the proposals in ISO/DIS 2694
‘Pressure vessels’ drafted by Technical
Committee 11 of the Internationa! Organization
for Standardization {ISQ) which were taken into
account in preparing the original edition.

NOTE. Some of tha figures in this standard have been 1aken

from ISQ:DIS 2694 and employ the comma as the decimal
marker: normal 35! practice is to use the full point.

BS 5500, which covers pressurg vessels .
manufac’ ~ed {rom carbon, ferritic alloy, austenitic
steels.: © sluminium, replaced the following

standards:

BS 1506 Fusion welded pressure vessels for
general purposes
Part 1 Carbon and low 2lloy steels
*art 3 Aluminium

BS 1515 Fusion welded pressure vessels for use
in the chemical, petroleum and allied
industries
Part 1 Carbon and ferritic alloy steels
Part 2 Austenitic stainless steel

Previous editions have stated the intention of
integrating into one Brilish Standard the
requirements for design, manufacture, testing and
inspection of fusion welded pressure vessels. Itis
intended to keep under review the queslion of
publishing appropriate supplements covering
other types of pressure vessels. '

It is anticipated that in due course an annex
covering requirements specific to copper will be
added. In the meantime, by agreement between
the parties concerned, the existing provisions of
this standard may be used as applicable. If there is
sufficient demand from industry, the standard will
be extended io cover other non-ferrous materials
like nickel and titanium.

The requirements of this standard vary

corrr ‘erably depending upon the thickness and
type of material to he used. When this
combination is such as will permit satisfactory
fabrigation by refatively straightforward processes,
spot non-destructive testing is parmitted without
any penally in design thickness; in certain cases
visual inspection only is permitted with an
appropriate penally on design thickness.

The strengths that may he assumed for design
purposes of materials covered by current British
Standards are individually specified in table 2.3.

Design strengths in the creep range are given for o
range of design lifetimes that may be extended,
on expiry. on the basis of periodic ‘lithess-for-

te,

continued-service reviews' based on inspection
and consideration of actual load-temperature
history. This approach recognizes the limitations
inherent in any simple design method for vessels
operating in the creep range and also provides a
flexible basis that may be used in cases where the
design strength values which have been derived
from ISO data, are significantly different from
those used with success in the past. Specific
requirements for these reviews are not given in
1his standard because they require development
and will be covered hy other standards
publications for the periodic inspection of
pressure vessels. :

Recommendations covering aspects requiring
further cansideration in particular cases are given
in the appendices. The British Standards ,
Institution will be pleased to receive constructive
proposals based on experience of research that
may lead to improvements in these appendices.

An index has been added for this issue for
information purposes to assist users of the
standard. The list of publications referred to has
been corrected so that documents that are no
longer referred to injthe text of the standard have
been removed from}-th_e list, and referenced
documents previously missing from the list have
been added.

Reference is made in the text to a number of
standards which have been withdrawn. Such
standards are identified in the ‘Publications
referred 10' listing {see page V). Consideration is
currently being given 1o whether replacement
standards are available or are being developed,
for example, in the European programme and to
the implications for BS 5500 of such replacement
standards. When a decision is made aboul any
replacement standards, these will be identified by
the issue of an amendment.

As with the previous editions, it is intended 0
keep this standard up 1o date by the issue from
time to time of replacement pages, or additional
pages where necessary. Each replacement or
added page will carry an issue number {with date)
indicating its relationship to'the original standard,
the pages of which are marked ‘Issue 1.

For example: -

Issue 1 will indicate an original page or one that
has been added to the original standard and
has not been amended since insertion;

1sstie 2 will indicate a first amendment of either
an original page or an added page;

1ssue 3 will indicate a second amendment of
gither an original page or an added page.

o

Side-lining on replacement pages will indicate that

changes ol technical or reference significance
have been made at that point.

It should be noted that the eflective date of
amendment to.This edition is later than the
publication date 1o allow users time to amend
their own working procedures and documentation.

Docur
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The following figures are reproduced by courtesy
of the American Welding Research Council.

Figure G.2(29) was originally published as
figure 2 on page 21 of WRC Bulletin 90
September 1963

Figure G.2(30) was originally published as
figure 3 on page 21 of WRC Bulletin 90
September 1963

" Figure G.2(31) was originally published as
{igure 7 on page 24 of WRC Bulletin S0
September 1963

Figure G.2(32) was originally published as
figure 8 on page 24 of WRC Bulletin 90
September 1963

Figure G.2{33) was originally published as
figure 9 on page 25 of WRC Bulletin 90
September 1963

Figure G.2{34) was originally published as
figure 10 on page 25 of WRC Bulletin 90
September 1963

BS 5500 : 1994
issue 1, January 1995

Figure G.2(35) was originally published as
figure 11 on page 26 of WRC Bulletin 80,
September 1963

Figure G.2(36) was originally published as
figure 12 on page 26 of WRC Bulletin 90
September 1963 :

Figures G.2(37), G.2(38), G.2(39}, G.2(40),
G.2(41), G.2(42), G.2(43) and G.2(44) are o
reproduced by courtesy of the International
Journacl of Solids and Structures, 1967.

This standard is included in the list of ‘Standards
Significant to Health and Safety at Work’
published by the UK Health and Safety Executive
and is also referred to in HSE guidance
publications.

" Compliance with a British Standard does not of

itself confer immunity from legal obligations.
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British Standard Specifica“tion for
Unfired fusion welded pressure vessels

Section one. General

1.1 Scope ¢
1.1.1 This British Standard specifies requirements for the
design, construction, inspection, testing and verification of
compliance of unfired fusion welded pressure vessels. The
matarials of construction are specified in section two. The
term 'pressure vessel as used in this standard includes
branches up to the point of connection to the connecting
piping by bolting, screwing or welding, and supports,
brackets or ather attachmerits directly welded to the
pressure containing shell. The term ‘unfired’ excludes
vessels that are subject 1o direct generated heat or llame
impingement from a fired process. It does not exclude
vessels subject to electrical heating or heated process
streams.

1.1.2 In addition to the definitive requirements, this
standard also requires the items detailed in 1.5to be
documented. For compliance with this standard, both the
definitive requirements and the documented items have
0 be satisfied.

1. 1 .3 This standard applnes only to pressure vessels
manufactured under the survey of a competent
engineering Inspecting Authority or Qrganization. The
intent of this requirement is regarded as satisfied where
inspection is carried out by competent personnel of 3

separate enginaering inspection department malmalned =Sl

by the purchaser of the vessel. Aninspection deparlmem
maintained by the manufacturer does not satisfy this
requirement except:

{a} that specific responsibilities may be delegated at
the discretion of the Inspecting Authority or
Organization; or

{b) in the case of vessels for the manulacturer's own
use and not for resale.

~his standard applies only to vessels made by
manufacturers who can satisfy the Inspecting Authority
or Organization that they are competent and suitably
equipped to fulfil the appropriate requirements ol this
standard.

The requirements {or tasting and inspecting serially
manufactured pressure vessels are given in appendix V. In
ail other respects the appropriate requirements in the”
specification apply.
Glass lined steel vessels require special dfc:.lgn
considerations subject to the limits imposéd by the
method of construction which should have the agreement
of the Inspecting Authority,
1.1.4 This standard does not cover the [ollowing.
{a) Storage tanks designed for the storage ol liquids 2
near atmospheric pressures, te. where the pressure

11 mbar = 107 N/m? = 100 Pa.
thar = 109 N/m? =01 N/min? = 100 kP

0ovl17 ]

|

o

-additional 1o that due to the hydrostatic head does not
exceed 140 mbart above or 6 mbar below atmospheric
pressure in accordance with such standards as BS 799,

., BS 2594, BS 2654, BS 7777. "

{b} Low pressure, above ground storage tanks which
have a single vertical axis of revolution designed for the
storage of liquids at a pressure not exceeding 1 bari.

{c) Vessels in which the stresses calculated in
accordance with the equations givenin section three
are less than 10 % of the design stress permitted by
section three.

- {d} Stripwound compound or other special designs of
vessels which may be appropriate for very high
pressures. ‘

{e) Transport vessels, i.e.vessels used for transport of
contents undar pressure.

if) Vessels for specific ap'piications which are covered
by standards listed in the 85/ Catalogue. -

NOTE. The titles of the publicatiens referred to in this standard
are listed on the last page.

1.1.5 This standard does not address the nature or
consequences of a fire in the vicinity of a pressure
vessel. Any consideration of the effect of a fire hazard
in the design of a pressure 'vessel would have to be
under the direction of the plant owner or his

ﬁresponsuble agent such as the plant architect/engineer,

with analysis of the consequences of a fire adjacent lo a
pressure vessel being undertaken in accordance with a
comprehensive specification of the fire conditions,
impingement parameters, analytical methods and
assessment criteria.

. "
1 2 Interpretation ‘
1f any ambiguity be found or doubl arise as to the meanmg
or effect of any part of this standard or a: to wheather
anything ought to be done or omitied to be done in order
that this standard should be complied with in full, the
question shall be relerred to the Pressure Vessels
Technical Committee (PVE/1) of the British Standards
Institution, whose interpretation of the requitements ol
this standard upon the matter at issua shall be given free
of charge and shall be linal and conclusive. Partie
adopting this standard for the purposes of any contract
shall be deemed o adopt this provision unless they
expressly exclude it or else impaort an arbitration provision
in terms extending to interpretation of this standard.
Howaever, this provision is limited to questions o!
interpretation and does not conler upon the committes
any powaer. duty or authority to adjudicate upon the
conlmctuul rights or duties of any person under a contract
oxceptin ‘so far as they may necessarily be affected by the
interpretation arrived at by the commit

Boc

1/1
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Findings or rulings of the committee upon all enquiries,
ncluding matters of interpretation, which are of sufficient
importance that both enquiries and replies be made public
as soon as possible will be published in an enguiry-reply
form for inclusion in the BS 5500 ring binder as Enquiry
Cases. Their availability will be notified in 85/ News.

L

Atier taking into account any public comment thereon,
Enquiry Cases may be incorporated, as appropriate, into
the standard as amendments which will form part of the
next convenient annual updating.

1.3 Definitions

For the purposes of this British Standard the lollowing
de‘initions apply.

1.3.1 purchaser. The organization or individual who buys
the finished pressure vessel for its own use or as an agent
for the owner.

1.3.2 manufacturer, The organization that designs,
constructs and 1ests the pressure vessel in accordance
with the purchaser's order. The design function may be
carned out by the purchaser or his agent, independently
from the organization that constructs and tests the vessel
{see 1.4.2).

1.3.3 Inspecting Authority. The body or organization that
verifies that the vessel has been designed, constructed
and tested in accordance with this standard.

1.3.4 Regulating Authority. The authority in the country
of installation that is legally charged with the enforcement
of the recuirements of the law and regulations of that
country retating 1o pressure vessels,

1.4 Responsibilities

1.4.1 Responsibilities of the purchaser. The purchaser
shat be responsible for furnishing the manufacturer and
the Inspecting Authority with the information required by
1.51

\Whete the Inspecting Authonty is nominated by the
putchaser, the purchaser shall be respansible for ensuring
that any information which the manufacturer is required
10 suppiy, as specified in this standard, is made available
to the inspacting Authonty.

\Where necessary, it shall be the responsibility of the
putnhaser to ensure that the Inspecting Authaority is
acciplable to the Regulating Authority.

vihere the purchaser elects to perform the design
function for the vessel, the purchaser shali be responsibic
for mamtasing a complele design dossier for the vessel
ciee 1 511 and for ensunng that all the information
contanad i, or agreed modifications to it, comply with
s standard, the purchaser shall also be responsibie for
the arcutaay of all design calculations for the vessel.

142 Responsibilities of the manutacturer, The
manutacturer shall be responsible for the compleweness
and aceuracy of all desigo calculatwons and for complianco
voth all apobcable requirements of this standard for the
whol: vessel Buning fabncation, unexpected factors may
anse which ustity deviations from the specified
cequirements but which do not affect the safety as
inteended by this standird Such deviations shall be
wubimitted to the purchaser for approvil and shali be
ceotded i accordance with 1.5.2.2 (o),

Where the Inspecting Authority is nol nominated by the
purchaser the manufacturer shall be responsible for

ensuring that the inspecting Authority is provided with -
any informatior: the manufacturer is reéquired to supply,
as-specified in this standard. -

0
The organization which discharges the manufacturer’s v
responsibilities for construction and testing shall assume
overall respansibility for compliance with this standard
during all related activities including part manufacture
and subsequent fabrication 1o completion at works
and/or site. it shall satisfy the Inspecting Authority, as
necessary, under the general provisions of 1.1 thatitis
competent to ensure by appropriate control or
surveillance of such activities, whether carried out by itsell
or by subcontractors, that all the relevant requirements of

. this standard are mel.” o

Examinations carried out by the Inspecting Authority do
not absolve the manufaciurer from his responsibility for
compliance with the applicable requirements of this
standard. .

Where the purchaser elects to perform the design
tunction for the vessel, the manufacturer shall be

* responsible for ensuring that all the design information he'’

requires 10 construct and test the vessel is provided by the
purchaser and for ensuring that all construction and
testing is carried out in compliance with this standard. The
manufacturer shall also be responsible for the accuracy of
any information he provides to enable the purchaser to
fulfil the design function.

1.4.3 Responsibilities of the Inspecting Authority. The
Inspecting Authority shall be responsit?]e for verifying:

{a) that all parts of the vessel have been designed in
accordance with the tequirements of this standard as
are applicable for the conditions specifiéd by the
purchaser according to 1.5.1;

{b} that the vessel has been constructed and tested in
accordance with this standard and any additional
requirements in respect of purchaser options covered
by this standard {see table 1.5).

1.4.4 Cenrtificate of Compliance. On completion of the
vessel the manufacturer shall issue Form X to certify that
the vessel has been designed, constructed and tested in
every respect in accordance with this standard and with
any additional requirements in respect of purchaser's
options covered by this standard. Form X shall be
countersigned by the Inspecting Authority as required.

Where some of the activities covered by this standard are
performed under the surveiliance of a second Inspecting
Autharity, each Inspecting Authonty shall attach a
statement to Form X, countersigned as requirad thereon,
éonfirming which port of the total works has boeen carried
out under its survaillance.

The countersigned Cerlilica/o and its atitachmendts (if any)
shall be furnished to the purchasers with a copy to the
Rogulating Authonty il required. ‘

Where the purchaser olocts to perform the design
function tar the vessel, tha purchaser shali complete the
section of Form X which certifies that the design of the
vessel complios with this standard.

Docu
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Form X Certificate of Compliance

Vessel description Type . ..... .

Approx. qverall dimensions
Approved drawing numberl(s)-. . ..

Year of manufacture ' Relevant BS 56500 issue
Purchaser ' . Purchaser's serial no . .

Manufacture Name of manufacturer. . . . .. ..
Manufacturer's serial number ... (seenote 1}
Name of Design Organization {if not above manufacturer)

Design : Design conditions of i Construction Corrosion
principal components pressure . category allowance
{see notes 2 and 3)

Other factors affecting design (e.g'. weight, nature of contents, environment)
{see notes 3 and 4)

Post-weld heat ireatrment

Prossure test Location Tost prassure Test madium
{seo noto 5} and temperature
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Form X {conciuded]
Certificate of Compliance (design)
We hereby certify that the design of this vessel complies with BS 5500

For manufacturer {see note 6% Date:

Position: Name of company:

We hereby confirm that we have checked the design of the above vessel and that this complies with BS 5500.

For Inspecting Authority: Date: "

Position: Name of company:

Certificate of Compliance {construction and testing)

We hereby certify that this vesse! has been constructed and tested in compliance with BS 5500,

\
For Manufacluren Date:

Position: Name of company:

We hereby confirm that the construction and testing of the above vessel has been carried out under our surveillance
and that to the best of our knowledge and belief all aspects of this work comply with BS 5500.

For Inspecting Authority: ‘ Date:

Position: Name of company:

We hereby confirm thai the construction and testing of the above vessel has been carried out under our surveillance
and that to the best of our knowledge and belief all aspects of this work comply with BS 5500.

NOTE 1. The suffix ‘XX’ is to be added to the serial number of each vessel for which any deviations or concessions have béen
authorized (see 1.5.2.2 (¢ ).

NOTE 2. The design conditions associated with the operational duties specified by the purchas'er should be given,

If o purchaser wishes to change the operational duty of a vessel, revised design conditions, consistent with thae vessel scémlings, will
he established separately, as appropnate. '

NOTE 3. Where the design covers operation below 0 °C the various combinations of temperature, prossure and calculated membrane
stresses considered in determining the design minimum temperature {see appendix D) should be stated.

NOTE 4. Where appropriate, cross reference to drawings or specifications will suffice.
NOTE 5. Where a vessel is 1ested in a different orientation 10 that in which it will narmally operate, this should be stated.

NOTE 6. This part of the Certificate o be signed by the purchaser in casos where the purchaser elects 1o perform the dasign function
(see 1.4.4) |

n
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1.5 Information and requirements to be agreed
and to be documented

1.5.1 Information to be supplied by the purchaser. Thq
following information shall be supplied by the
purchaser and shall be fully documented.

Both the definitive requirements specified throughout
the standard and the documented items shall be
satisfied before a claim of compliance with the standard
can be made and verlhed

{a) The normal working condlllons of the required
vessel, together with details of any transient cyclic
and/or adverse conditions in which tha vessel is
required 1o operate and any special requirements for
in-service inspection.

{b} Any requirements relating to the various optlons
covered by this standard (see table 1.5).

{c) Any spemal statutory or other regulations with
which the finished vessel is required to comply.

{d} The name of the Inspecting Autharity to be
commissioned by the purchaser.

{e) The name of the Regulating Authority (if apy}.

{f} The requirement 1o obtain copies for record
purposes of any documents other than those listed
in 1.5.2.2 [a) to {g) {see table 1.5}. (To facilitate the
identification of such documents, a check list of
optional documents is given in appendix S.}

Where the purchaser elects to perform the design
function for the vessel, the purchaser shall supply any
additional design information required by the
manufacturer in accordance with 1.4.2. The design
dossier maintained by the purchaser in accordance with
"1.4.1 shall cover all the information {whether supplied
by the purchaser or by the manufacturer) which the
manufacturer would otherwise be required by 4.1.110
submit before commencing manufacture.

1.5.2 Infoermation to be supplied by the manufacturer,
The information in 1.6.2.1 and 1.5.2.2 shall be supplied
by the manufacturer and shall be fully documented.

Both the definitive requirements specified throughout
the standard and the documented items shall be
satisfied before a claim of compliance with the standard
can be made and verified.

. BS 5500 : 1994
Issue 2, January 1996

BT

1.5.2.1 Before commencement of manufacture. The
manufacturer shall submit the information specified in
4.1.1 for approval before commencement of
manufacture. In submitting this information, the
manuiacturer shall identify, in an appropriate manner,
any features of the proposed design and/or in the
proposed manufacturing, inspection or test procedures
which by the terms of this standard require 10 be
approved by the purchasar,

NOTE. Table 1.5 lists and classifies such features. The features

_should be identified in an appropriate documerit such as .
“ purchase order, approved drawing or an approved working

pracedure {ag weld preparation procedure, heat treatment
procedure, welding procedure ete),

1.5.2.2 On completion of construction. The .
manufacturer shall supply to the purchaser for record
purposes a copy of the following documentation,'as
finally approved for each vessel or batch’ of vessals.

(LI

(a) A fully dlmensmned drawing of the vessel, as
built, togethar with any relevant supporting
infarmation as specified in 4.1.1 and whtch is not
covered by items (b) to (g). N

(b) A list of materials (including welding :
consumables) used in the construction of the vessel
with details of any special heat treatments carried
out by the material supplier.

NOTE. fFor materials specmed 10'a British Standard lhe date

of the standard is to be given. Where other materials are
used (see 2.1.2.1 (b)} the full specification is to be supplied.

{c) The welding procedures used during vessel
manufacture {see 5.2.2), .

{d) The procedures used for radiography, ultrasonic
inspectitn andfor crack detection of welds (see
5.6.6.1t0 5.6.6.4),

{e) Recards of any specific deviations from the
requirements of this standard (see table 1.5}, The
manufacturer shall add the suffix 'XX* to the serial
number of any vessel for which a specific deviation
has been approved.

{f} A Certificate of Compllance {Form X) for each
vessel (see 1 4.4).

{g} A facsnmlle of the vessel nameplate {sce 5.8.9}.

NQTE. The duration for which a manufacturer will retain all
records he is required 1o gengarate during the manufacture
of a vessel is |nfluenr'ed by a number of factors which are
outside the scocho! this standord.
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1.6 Thicknesses :
Thicknesses are referred to in several ways in this
standard in accordance with the following definitions.

{at Minimum thickness; the thickness calculated in

Section three and some design appendices, 10 satisly

the retevant design requirement.

(bt Nominal thickness; the thickness as specilied on
he construction drawing which inciudes all
allowances and tolerances. .

{c) Analysis thickness; the thickness used in design
caleulations and assessments, which equals the

nominal thickness less corrosion allowances and less

any other allowances and tolerances.

The nominal thickness, less any negative tolerance
permitted by the specification to which the material is
ordered, shall not be less than the minimum thickness
plus any allowances specified for corrosion. erosion
etc.

The relationships between the defined thicknesses are
shown in figure 1.6, This figure indicates:

{a) on the left hand side, that the thickness calculated
from the rules is increased by the amount of the
specified allowances (for effects such as corrosion)
and possibly by an unspegcified margin (in
consideration, for example, of materials availability);

{b} on the right hand side, that the nominal thickness
should be reduced by any negative supply (i.e.
negative plate thickness) tolerance and any
manufacturing {i.e. dishing) allowances as well as by
the specified design allowances, t0 arrive at the

" analysis thickness. . e

NOTE. Following the replacement of 85 1501 by BS EN 10028, it should
be noted that plate conforming ta this latter spocilicaiibn is normally
supphed in accordance with BS EN 10029 class B which permits a
nepative 1oletance nf 8.3 mm for all nominal thicknesses. However, the
purchaser may specify a 7ero negative tolerance.

L +Tolerance’ i
Actual
Nominal thickness Nominal thickness
i thickness range
Unspecilied
margn Y -Tolerance® Y
Specified design
s . allowances
- Specified design e.g. erosion of corrosion
allowances Y )
e.g. erosion or corrosion Analysis
Minimum thickness thickness

Figure 1.6 Relationship of thickness definitions

* For supply and
manulacture

173
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Table 1.5 Purchaser options and Ieatufes requiring approval by the purchaser (see 1.5.1, 15.2)

Purchaser option or {eature requiring approval by purchaser =

Classification {106 1.52.2 (n))

Requirements lor additional records: documentation additional
10 that specified in 1.6.2 {1.5.1)

Any special requirements governing the selection, heat treatment
or testing of matenals 12.1.1, 3.4.2,5.6.2)

Use of castings and appropriate inspection procedurg (2.1.2}

Use of materials other than those covered by listed British
Standards (2.1.2.3) n

Design strength values for materials gualified by notes (b), 1 {(d}, t1). 8, 17
to table 2.3

Use of increased design stresses for centain alloy steals as per
note 6 to table 2.3 '

Use of steels with carbon content greater than 0.25 % (2.3.2)

Use of design methods other than detailed in section three
{3.2.2,3.5.4,3.8.1,39)

Any relaxation of the design pressure for protected vacuum
vessels (3.2.3) . '

The design lifetime for high temperaiure applications (3.2.4)

The service lifetime for applications where fatigue strength is
a potential life-limiting factor {3.2.4)

Y]
The provisions for corrosion (3.3) ' \\

b
The construclion category for vessel or component paris ‘1(3.4.11

Propenties of alloy steels used for design purposes when "*\\\ p
post-weld heat treatment exceeds time and temperature Iimn\g\ /
R

given in table £,4.3.1(3.4.2)

Use of threads of pitch coarser than 3 mm or bolt stresses
in excess of values given in table 3.8.1.4 {3.8.1)

Usu of plate material for flanged hubs (3.8.1}

Use of fillet welds with throat thickness less than thickness of
thinner adjacen: section (3.10.3)

Commencement of manufacture before approval of all information
specified in 4.1.1

Any modifications to information supplied in accordance with 4.1.1

Relaxation of amount of dressing an thermally cut edges of
farritic alloy steel and aluminium (4.2.1)

Supplementary non-destructive testing of cut edges and
rectification of defects (4.2.1)

Procedures for forming and inspection of shell sections
and plates (4.2.2)

Assembly tolerances for thicknesses =200 mm (4.2.3)

Departures from specified tolerances on circumference of ends,
circumierence, straightness and circularity of shells (4.2.4)

Commencement of production welding prior to approval of
walding procedures, welders, welding operators (4.3.1);
or assembly of category 3 components (£.3.1)

Use of welding consumables other than those used in the
welding procedure test (4.3.2}

I

Purchaser option
[<t]

<)

o

Purchaser option

Variation =
Variation

7
Basic requirement
¢l

Purchaser option/variation

Variation

Variation
Purchaser optionjvariation

Basic requirement .

Basic reguirement

Basic requirement
Basic requirement
o
L-Gasic reauitement
ey

Variation

Variation

Variation
Variation
Formal revision of original

documentation,

Variation® \\;\-C

Purchaser oplion/variation -
=]

Basic requirement

O
Basic requirement

Variation

¢

Variation

Variation

P
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Table 1.5 Purchaser options and features requiring npp'ro(ral by the purchaser (see 1.5.1, 1.5.2)

S CE
S0

Purchaser option or leature requiring approval by purchaser

(N

Classification (see 1.5.2.2 (¢))

Consuriabies used o the welding of 9 % Ni steel 14.3.2)

Use af attachments of difetent nominal composition to shell (4.3.5)
Use of Dacuing stnips for welds (4.3.6) - . .

Trinming of swelds by dressing or grinding to tess than thickness
shows it on drawmgs 4.3

Use of sirgle layer welds for aitachment of branch pipes in
alumirnum vesse!s (see 4.3.7 of annex AA)

Anproval of welding procedure {preheat requirements) (4.4.7)
o . T .
Moaified post-weld heat treatment procedures (4.4.3,4.4.4,445) "

Welding carnied out after final post-weld heat treatment (4.4.3)
Requirements for special finish (4.5) w

Criteria for welding procedure tests (all weld tensilel ‘.5.2_.5) -
Waelder 1o retake whole or part of approval test [5.3.3) " "
Production test plate requirements ¢5.é)

Reduction in width of standard production test plates for
aluminium (5.4.2} B

Necessity of micro-examination of welds in aluminium (5.5.5})-

Comprehensive schedule covering non-destructive testing
requirements (5.6.1) ’

i

L ' -
Accepiance standards for defects revealed by non-destructive
testing 10 parent material (5.6.2)

Non-destructive testing techniques for examination of authorized
repairs to parent materials (5.6.2)

Any relaxation in requirements for ultrasonic/radiographic
" non-destructive testing of welds, other than full penetration’butt
welds, in category 1 components (5.6.4) .

Use of magnetic particle or penetrant methcds for examination
of Type A welds in category 1 components and categories 1 and 2
n case of aluminium vessels (5.G.4)

Grouping of nozztes and branches for examination of internal
flavss 15.6.4)

Use of magnetic particle or penetrant methods {ar examination of
category 3 components (5.6.4)

Choice nf non-destructive testing technique (5.6.5, 5.6.6)

Method used to provide reference points for accurate location of
non destructive testing reports {5,6.6} -

Weld defect acceptance criteria different to those in table 5.7 (1)
Acceptance of specific welds with defects in exéess ol levels specified
n tabie 5.7 (1) . - ,

Repar of welds (5.2.3)

Options perrmitted in pressure tests specified in 5.8

Agrieement to waive repeal test on vessel repaired after pressure
15t 15.8.24

Variation

Basic requirement s

N R W 4]

Variation © - . B
Variation ¢

Spc;:i{ic dcviai-éb.n |

Variation )

Variation

Specific daviation B ’
Purchaser option

Basic requirement

"
(e

Purchaser option
Purchaser option

Variation

Purchaser option

Purchaser option

Basic requirement

Al

Basic requirement ‘ Gy

Variation
* 8]

Purchaser optionfvariation

Basic requirement

¥l
N

Purchaser option/variation

-

Basic requirement
LT 7

Basic requirement

Purchaser option/concession «

Specific deviation

Sy “

Basic requiremant
Basic requirement

Specific variation
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Table 1.5 Purchaser options and features requiring approval by the purchaser

{X denotes applicability)

bL9 0395025 845 HB

BS 5500 : 1994
Jssua 1, January 1994

(see 1.5.1, 1,5.2) {continued)

Purchaser optionor fentura requiring
approval by purchasar

l“ﬂ\:‘g.

Classification
|see1.5.2.2 (e})

Documant inwhich option/lasture should

ba ldentitiod

Purchanso
ovder

Approvad
drawing (sea
4.1.1)

Approvad working
procodura

A

<< “Use of magnetic particle or penetrant

framra UM

' methods for examination of category 3

components (5.6.4)

Choice of non-destructive testing technique
(5.6.5,5.6.6)

Method used to provide reference points for
accurate location of non-destructive testing

,reports (5.6.6)

A
/" ‘Weld defect acceptance criteria different to
thoseintable5.7{1)

“Acceptance of specific welds with defectsin
excess of levels specifiedintable 5.7 {1}

Repair of welds (5.7.3)

Op'tions permitted in pressure tests specified
in5.8

Agreement to waive repeatteston vessel
repaired after pressure test (5.8.2)

Purchaser aption/
variation

Basicrequirement

Basicrequirement

Purchaser
option/concession

Specific deviation

Basit. requirement

Basic requirement

Specific variation

Notapplicable

Not applicable

Not applicable

X

Not applicable

Non-destructive
tesling procedure

Non-destructive
testing procedure

Non-destructive
testing procedure

Weld repair
procedure

Pressuretest
procedure
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Section two. Materials
2.1 Selection of materials
2.1.1 General

2.1.1.1 The selection of the materials of construction for

pressure containing pars and their integral

attachments shall take into account the suitability of the

malerial with regard to fabrication® and to the

conditions under which they will eventually oparate.

Annex AA gives requirements specific to aluminium
and aluminium alloys. This section shall be modified as
given in annex AA for unfired fusion welded pressure

vessels constructed of aluminium alioys.

2.1.1.2 Any special limits, for example with respect to
composition, heat treatment, or non-destructive testing.
which the manufacturer o1 the purchaser is permitted

to specify in relation to the panticular end use of

material, shall be the subject of agreement between the
purchaser and the manufacturer at the time of enquiry

and order {see table 1.5).
2.1.1.3 For the ease of reference throughout this

standard, ferritic materials, with the exception of the

following, have been grouped into ‘M’ bands as
summarized in table 2.1:

1/aNT;

manensitic stainless steel;

ferritic stainless steel;

austenitic stainless steel;

clad material;

duplex austenitic-ferritic stainless steel;

quenched and tempered fine grain steel.

Table 2,1 Material banding

standard, oxcept as otherwise pormitted by this
section; or

BS 5500 : 1994
Issue 2, January 1996

{b} be agreed between the purchaser and the
manufactuer (see table 1.5) provided that:

(1) they comply with 2,3.2 and are covered by a
written specification: '

(i) at least as comprehensive as the Brjtish
Standards listed in the design strength tables of
this standard for the nearest equivalent
material; and

(i} as a minimum specifying the manufacturing
process, compositional limits for all
canstituents, deoxidation practice, heat
treatment and appropriate mechanical
properties for acceptance and other purposes:

(2) the nominal design strength of materials for
time independent siresses shall be derived in
accordance with the principles of K.3. The nomir.al
design strength of materials for time dependent
stresses shall be derived in accordance with the
principles of K.4,

Consideration of whether time dependent siresses
are applicable shall be given when the design
temperature exceeds the values given in table
2121,

{3} the details of the procedure used for
determination ~* - ;e nominal design strength
used are agreed between the purchaser and the
manufacturer and are recorded.

Table 2.1.2.1 Témperature above which time
dependent properties shall be considered

M band Material type Temperature
Band Type °C
MO Carbon and carbon manganese steel MO0 & M1 | Carbon and carbon
M1 manganese steel 400
M2 Carbon molybdenum stee! M2 Carbon molybdenum steel
M4 Low alloy manganese chromium M5 3'72Ni
molybdenum vanadium steel Mo aNi

M5 3YL.Ni M4 Low alloy Mn, Cr, Mo, V 470
M6 aNi M7 1Cr VMo
M7 | 1to 1%Cr ;Mo M8 '12Cr Y/2Mo YV 490
M8 ,CraMo YV M12 12Cr 1Mo V

; M8 2',,Cr 1 Mo oo 460
Mg 2'iCrIMo where A, s 350 N/mm?2
Mi0 s5Cr'/2Mo M1i0 5Cr ;Mo
M11 9CriMo M1 9Cr 1Mo
M12 12CriMa1V M9 21.Cr 1Mo 350

rivia where R, > 350 N\mm?
2.1.2 Materials for pressure parts Stainless stecls RN
. ) Type 321 and Type 347 {540 '

2.1.2.1 Al the materials used in the manufacture of Type 304 and Type 316 {560
pressure parts shall either:

{a} comply with the appropriate British Standard
referred to in the design strength tables of this

NQOTE. Whare the vesse! is subjoct to fatigue, C.1.3 limits the
applicability of Appendix C up to 350 *C for farritic stoels and
430 °C for austenitic staintuss steels.

* See appendix G of BS 5135 1984 for general guidance on the susceptibility of materinls to lamellar tunrirbduring fabrication

cuments

'

bl e sl 5oy
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2.1.2.2 Welding material shall comply with sections four  2.1.2.4 Bolts and nuts shall comply with the material

and five. specifications listed in1  ns3and 4 of BS 4882 : 1973
ortable 30f BS 1473 : 1y, 2.

2.1.2.3 The use of castings for pressure parts shall he .

subject to agreement between the purchaser and the 2.1.3 Materials for non-pressure parts

manufacturer (see table 1.5). An appropriate ‘zuality

specification’ for such castings shall be agreed between

the manufacturer and the material supplier at the time

of enquiry, specifying the standards of inspection to he

applied and of acceptlance for defects. As 8 minimum,

all accessibte fillets and changes of section, etc., shall

be subject to magnetic particle or penetrant inspection,

Materials for supporting tugs, skirts, baffles and similur
non-pressure parts welded 10 vessels shall be of
established identity and shall ba compatible with the .,
material to which they are attached. :

Table 2.2.2 Bolting materials for low-temperature

Material type | Bolting Material specification Application Impact requirements® Minimum
specification requirements design
temperature

Carbon steel | BS 1768, BS 3111 grade 073, 1/3 or 1072 Not specified for BS 1769.
BS 1769 or BS 970 grade 070M20 or 0BOM4D At room temperature for
BS EN 20898-1 BS 1768 and BS EN 20898

Carbon steet | BS 1768, 8S 3111 grade 0/3, 1/3 or 1012 Not specified for BS 1769.
BS 176% or BS 970 orade 070M20 or 080M40 At room temperature for
BS EN 20898-2 8BS 1768 and BS EN 20898

Low alloy BS EN 20898-1 | BS 1506 grade 630-690, 630-790, Al room temperature
steel 630-860
BS 970 grade 135M44 or 708M40

Low alloy 8% EN 20898-2 [ BS 1506 grade 630-690, 630-790, At room temperaiure
steel 630-860
BS 970 grade 135Ma4 or 708M40

Low alloy BS 4882 BS 1506 grade 162 or 253 Nuts Not specified
siee!

BS 1506 grade 253 Nuts At -100°C

BS 1506 grade 630690, 630-790, |Bolts, nuts Al room temperature
630-860, 631-850, 670-860
£71-850 or 681-820

8S 1506 grade 630-690, 630-790, |Bolts, nuts At-100°C
or 630-860

% nickel BS 4882 BS 1506 grade 509-650 or 509-590| B. lts, nuts At-196°C
steel

Austenitic BS 4882 BS 1506 grade 304-531, 551, 361, Bolis, nuts Not specilied
stainless $71 or 316-531, 533, 551, 553,
steel S61, 563, 565, $67 or 321-531,
S51 (490), S51 (520) or 347-531,
551

BS 1506 grade 304-531, 561.571 Bolis, nuts A1 -196 °C
or 316531, 533, 561, 563, 565,
S67 or 321-531 or 347-531

Precipitation | BS 4882 B8S 1506 grade 286521 Bolts, nuis AL-196°C
hardening BS 3076 grade NA2Q
alloys

“impact energy vatues shall be as material/bolting specilication bt tnmperaluro indicated,

2/2
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2.2 Materials for low temperature applications

2.2.1 Special consideration shall be given to the
selection of materials for vessels designed to operate
below 0 °C or, where it is considered by the purchaser
or manufacturer that there would otherwise be undue
risk of brittle fracture in pressure testing a vessel al the
temperature of the available test fluid.

2.2.2 Tabl 2.2.2 specifies boiting material suitable for
use at low temperature and the minimum design
temperature for each material.

2.2.3 The impact requirements for ferritic steels in band
MO to M4 inclusive used for vessels designed to
operate below 0 °C shall be in accordance with
appendix D.

Appendix D shall also be used as specified in 5.8.2.4
when it is agreed by the purchaser and manufacturer to
carry out the final pressure test of a vessel al 8
temperature higher than that o1 the available test fluid.

2.2.4 Requirements for the use of ferritic steels in bands
M5 (3%/; % Ni} and M7 1o M10 inclusive, used lor such
vessels, shall be agrecd between the purchaser and
manufacturer.

2.2.5 The impact requirements for {erritic steels in band
M (9 % Ni) used for vessels designed to operate below
0 ¢C shall be in accordance with the British Standards
listed in table 2.3 for M6 steels.

2.2.6 Austenitic stainless steels lincluding the high
nitrogen and warm worked varietigs) are not _
susceptible to low stress brittle fracture and no special
requirements are necessary for their use at
temperatures down to -196 °C.

2.2.7 Aluminium ang aluminium alloys are not
susceptible to low stress brittle fracture and no special
requirements are necessary for their use at
temperatures down to -196 °C,

2.3 Carbon, carbon manganese and alloy steels
2.3.1 Materials covered by British Standards.

2.3.1.1 Permissible materials complying with
appropniate British Standards shall be as given in
table 2.3."

Hot testing to confirm the properties of material
supplied shall not be required for materials listed in
tahle 2.3

BS 5500 : 1994
Issue 3, January 1996

Table 2.3 Design strength values: index of steels

Standard Part of

table 23

Stgel plates BS 1501 : Part 1 -+ Hal
8S 1501:Pant 2 1ib)
BS 1501:Pan 3 {c)
BS 1502 {d}
BS 1503 : R
BS 1504 )

BS 3059:Paris 1 and 2| {g}
8<:3601,8S 3602 :
. Partis 1and 2 {h)
BS 3603 {h}
BS3604:Parts1and 2 | (i}
BS3605:Panstand 2 | 4)
BS 3606 k)

Steel sections,and bars
Steel forgings \)

Steel castings

Steel pipas and tubes

Additionally, it is permissible 1o use materials
complying with British Standards listed in table 2.3A for
the construction of only category 3 components
provided the qualifying requirements indicated in table
2.3A are satisfied. ‘

Non-destructive testing requirements shall be as specified
in 5.6.2. )

Where relevant, the restrictions in 2.3.2.2 shall apply.

2.3.1.2 Nominal design strength values for materials
complying with appropriate British Standards shall be as
given in tables 2.3 and 2.3.A.

These values are for design purposes as specified in the
relevant sections of this standard only and shall not be
used as a basis for acceptance or rejection of material.
NOTE 1. Their derivation is described in appendix K.

NOTE 2. Values between those given in the various columns of
the table may be linearly interpolated.

2.3.2 Materials not covered by British Standards

2.3.2.1 Other materials as specified in 2.1.2.1(b} shall
comply with the general requirements of 2.3.2.2 10
23.2.11.

2.3.2.2 The maximum allowable phosphorus and sulphur
content shall not exceed 0.05 % each in the ladle analysis.

For ferritic steels intended for welding. the upper limit of
the carbon range (in the ladie analysis} should not
normatly exceed 0.25 %, butin the r 1ses of such steels
with a carbon content higher than 0.25 % intended for
welding, they sha!l only be used subject to special
agreement on welding procedures between the
purchaser, the manufacturer and the Inspecting Authority
(see table 1,5).

1 In certain apphicatians highar dasign strengths than those spocihied in table 2.3 for common grados of stainless steel are permutied

(see appendix P}

* 515 the oniginal cross-sectional area of the gauge length of the tensile test spucimen.
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23.2.3 The deoxidation practice shall be appropriate 10
the type of steel ordered particularly where it influgnces
the level of elevated or low temperaturé propertes. ILis
permissibic 10 use semi-killed steel n accordance with
1hus standard tor plates, seamless ano welded tubes in
carbon and carbon manganese steels with an upper himit
of the specitied tensile strength range of 64N N/mm?2 and
with a ihickness not exceeding 100 mm. Rimming steel
shall anly be used for welded tubes in carbon and carbon
manganese steel types with an upper hmit of the specified
tensile strength range of 490 N/mm? under service
temperature conditions between 0 *Cand 380°C.

2.3.2.4 Mechanical propertigs al "oom temperature siall
he specihed for acceptance twsis in accordance with
BS EN 10002-i1 covering R,.HA,lsee appendix K} and
minimum elongation at fracture.

The specified mimimum percentage elongation at fracture
referred to a gauge length of 5.65 V54" shallbe
appropniate to the ype of steel with a lower limit of 16 %
for plates, 15 % tor casungs and 14 % for tubes and
forgings, unless the use of the steel is subject to special
agreement {see 2.1.1.2)

The rate of testing and methods of acceptance 1esting
shall generally be consistent with appropriate British
Srandards for ssrilar product forms.

2.3.2.5 For matenals that will be used above 50°C, ayield
point o proof stress properties shail be specified by the
manufacuurar for acceptance tests in accordance with
BS EN 10002-5.

2.3.2.6 Stress rupture properties shall be spacified for
matenals which will be used in the creep range. These
shali be determined in accordance with the procedure laid
down in IS0 8303, The manufacturer of the vessel shall be
assured that the product supplied is capable of complying
with the specified properties by & statemenlt that the
manufactunng processes have remained equivfiznt 10
those for the steel for which the test results were oblained.

2 3.2.7 Charpy V-notch impact test properties at
appropnale temperatures shall, where necessary,
comply with 2.2.3 10 2.25.

L

2.3.2.8 Materials shall be supplied in a heat treated
condition appropriate to the nearest equivalent British
Standard unless otherwise agreed between the
purchaser, the manufacturer and the material supplier’
see table 1.5).

NOTE. Plates for hot farming may be supplied in any suitable
condition as agread betwaen the manutacturer and the materia}
supplar.
2.3.2.9 Carbon and carbon manganese steel plates for
cold lorming shall be supplied in the normalized condition
except when iheir thickness is less than 25 mm, when it is
permissible 1o supply plates as-rolled if guaranteed
elavated temperature properties are not required.

Low alloy steel plates for cold forming shall be supplied in
the normalized and tempered condition except that, where
metallurgically suitable and where post-weld heat
1reatment will sutfice as the tempering treatment, plates
supplied in the normalized condition shall be permitted,

2.3.2.10 Itis permissible to use electric resistance welded
or induction welded tubes in the as-welded condition
provided the specified upper limit of tensile strength does
no exceed 540 N/mm?Z and they are not intended for
service below a temperature of 0°C.

2.4.2.11 The heat treatment condition to which the
specified properties relate shall be c.early stated in the
material specifications, These properties can be affected
by reheating during fabrication and, where necessary
(see 3.4.2 or 4.4), the manufacturer shall discuss the
application and proposed heating or reheating of the steel
with the material supplier. However, the test plates shall
be supplied and tested in a condition corresponding 1o the
material specification specifically requested by the
manufaciurer. The heat treatment to be given 1o ihe test
pieces and the acceptance properties shall be agreed
between the manufacturer and the material supplier at the
time of order.

"
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